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AUTOMATIC CHAIN CLEANER
The Automatic Chain Cleaner (ACC) is a battery-powered tool that clamps onto
a bicycle frame and encloses the chain while cleaning it with brushes and degreaser
and/or water. The batteries power a motor that drives the chain in the reverse
direction from normal bicycle use. Clamps stabilize the tool and provide a consistent
and stable cleaning job. This project aims to replace the manual versions of this
tool which suffer from lack of stability and a poor user experience. Ease of use and
reliability are important requirements for this project. The ACC will take 4 AA
batteries and will run smoothly and consistently due to the electric motor.
This report details the entire design process, starting from defining the problem
and ending with the final prototype and performance results. Extensive modeling
and analysis was conducted using computer-aided design (CAD) in Solidworks. The
final result had many changes from the initial prototypes, but vastly improved upon
the first designs with multiple rounds of testing and refactoring. 3D printed PETG
plastic was used for all parts except the motor and 11-tooth driving cog, which was
taken from a bicycle cassette. Videos at the end demonstrate the ACC working
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1 Introduction
Cleaning a chain is one of the most neglected and dirty aspects of owning and maintaining a
bicycle. Chains attract dirt and grime from the road and need to be lubricated to run smoothly,
which adds grease and oil.
The existing methods of cleaning a chain include using a rag, taking the chain completely off the
bike and soaking it, and using a human-powered chain cleaner tool. Using a rag is too dirty and
not thorough enough, while taking the chain off completely requires extra tools and can weaken the
integrity of the chain after many cycles which could compromise rider safety.
ParkTool and Lycaon are two companies that produce versions of the manual chain cleaning tool.
It encloses the chain with three brushes and has a bay for degreaser which gets applied to the chain
via the brushes. The user turns the pedals backwards which cycles the chain using the freehub
on the rear wheel. The current options lack stability and are cumbersome to use for more than a
minute, which decreases the amount of grease and dirt that can be removed.
Overall, the goal of this project is to develop a chain cleaner tool that runs automatically with no
user input once set up and offers a consistent, stable and thorough chain cleaning. User experience
will be a priority, so ease of construction and reliability will be crucial requirements to fulfill.
2 Problem Understanding
2.1 Existing Devices
The following section describes existing devices that are similar and serve as inspiration.
2.1.1 Existing Device #1: Park Tool Chain Cleaner
Figure 1: Park Tool Chain Cleaner (Source: Park Tool)
Link: https://www.parktool.com/product/cyclone-chain-scrubber-cm-5-3
Description: The Park Tool chain cleaner is a slim hexagonal box. The product has a bay for
solvent, a guided entryway for the chain, and two different levels of brushes. Additionally there
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are clamps to hold everything in place. The center of the box attaches to the lower section of the
chain, preferably after the swapping out of a ‘dummy hub’ in place of the rear wheel. The chain
cleaner is manually held in place by the user while they turn the pedals around backwards to cycle
the chain. The chain cleaner’s brushes are powered by the chain going through which also pulls up
fresh oil from the solvent bay. However the product does not automatically apply lube.
2.1.2 Existing Device #2: Lycaon Hand-Release Bike Chain Cleaner
Figure 2: Lycaon Chain Cleaner (Source: Lycaon)
Link: https://www.amazon.com/dp/B06XP9WFG4?tag=abestpro-sophearom-20&linkCode=ogi&
th=1&psc=1
Description: The Lycaon bike chain cleaner is a step up in some ways from Parktool’s product. It
is sleeker with a less box-esque design but still has a guided entrance, buckles, and two levels of
brushes. However the Lycaon also has a ‘hanger’ that attaches to the rear derailleur. This addition
makes the design more closely fit our sought out product because the user does not need to use an
arm to hold the tool in place during cycling. Of course, this chain cleaner still needs to be cycled
backwards to function. Brush functionality is virtually the same with the chain passes pushing
brush tips into and out of the solvent reservoir. Brushes are claimed to be “3D”.
5
2.1.3 Existing Device #3: ARLTB Brush Tool “Grunge Brush”
Figure 3: ARLTB Brush Tool (Source: Gas Bike)
Link: https://www.gasbike.net/products/arltb-bike-chain-cleaning-brush-tool-multi-purpose-motorcycle-cycling-bicycle-chain-cleaner-tool-for-both-motorcycle-and-bike-chain-cleaner-washer-cleans-quickly-and-easily-for-mtb-road-bike
Description: This alternative is a step further away from ‘automatic’ than even the first two existing
products. However, it is a good example of how simple tools can significantly drop the manual time-
invested in the task. You can still clean the chain while it’s on the bike by cycling backwards and
pressing this tool down on the chain. The brush bristles are tougher than ‘normal’ to allow for a
long product lifetime. There are also longer bristles on the bottom of the tool to enable mess-free
cleaning of additional bike parts. It’s claim to time-saving mostly resides in that it is a handheld
tool that requires zero setup.
2.2 Patents
2.2.1 Bicycle sprocket chain cleaner
(US4593923A)
This patent is currently assigned to Park Tools and probably serves as a basis for their current
chain cleaner mentioned in the last section. This design differs from the current design and many
other designs because it redirects the chain through the tool with two bends at the entrance and
exit. It still uses multiple brushes and a magnet to collect debris at the bottom after the solvent
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collects it from the chain. It should be noted that the current Park Tool design has a handle while
this old one does not, and attaches to the rear derailleur instead.
Figure 4: Patent Images for Park Tool Chain Cleaner
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2.2.2 Bike chain cleaning tool
(US9688337B2)
Figure 5: Patent Images for expansible shaft
This patent is similar to the Park Tool one from 1987, but incorporates three brushes and does
not redirect the chain. Like the previous patent, this tool clips onto the rear derailleur and does not
have a handle. The method of collecting debris and solvent is not evident from this image, but it
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collects at the bottom and needs to be manually drained and cleaned. Both designs feature plastic
housing for low weight and ability to see inside the tool to inspect it for any damage or problems.
2.3 Codes & Standards
2.3.1 Calculation of load capacity of spur and helical gears—Part 5: Strength and
quality of materials
(ISO 6336-5:2016)
This International Standard is part of a series of standards that provide procedures for calculating
the load capacity of spur gears. This specific standard highlights important variables in determining
the appropriate material for the gears, which affects durability and tooth-bending strength. It will
be important to implement spur gears that can withstand the continuing stress and strain from the
bike chain.
2.3.2 Precision Power Transmission Roller Chains, Attachments, and Sprockets
(ASME B29.1-2011)
This ASME standard describes general dimensions, tensile strength, and tolerances of roller
chains, typically found on bicycles. For example, a size 40 roller chain consists of 0.5 in pitch, a
maximum roller diameter of 0.312 in, and a maximum ultimate tensile strength of 3125 lbs. These
statistics will prove vital in determining gear dimensions and properties for the bike cleaner.
2.4 User Needs
2.4.1 Customer Interview
Interviewee: Campbell Eshleman, Liam Brodie, and Jon Okenfuss
Location: Internet Chats and Text Messages
Date: September 28th, 2020
Setting: We asked members of the Washington University Cycling Club to answer some questions
about how they clean their chain and how they would improve the process. Three members were
interviewed, each having different methods of cleaning and years of experience with bikes.
Interview Notes:
What tools do you use to clean you chain?
– Rag and dish soap for chains without a quick link, parts washer for chains with a quick link.
– Sponge and rag
– Paint brush and degreaser, sponges, and sometimes a chain bath
How long does it take and how often do you clean it?
– Around ten minutes, cleaned once a month.
– A few minutes, cleaned whenever it gets squeaky or looks dirty
– 5-10 minutes, cleaned every 100 miles or so, more frequently when rainy or very dirty
What do you like and what do you not like about how you clean your chain?
9
– A clean bike is a fast bike. It gets messy, never 100% clean, takes multiple runs through the
chain bath, ruins clothes if they get grease and dirt on them.
– Sponge allows me to clean specific spots on the chain with good precision. Sometimes junk
on the chain does not come off without lots of scrubbing
What type of tool or gadget would improve how you clean your chain?
– Something that could get between the little bearings in the chain.
– different sized brushes for derailleurs, quick link to take the chain off, something really fast I
could do after every ride. Sometimes put off cleaning because it’s a hassle.
2.4.2 Interpreted User Needs
The table below details the interpreted user needs from the customer interviews “ACC” is Auto-
matic Chain Cleaner.
Table 1: Interpreted Customer Needs
Need Number Need Importance
1 The ACC is quick to use 5
2 The ACC does not get the user dirty 4
3 The ACC cleans hard-to-reach parts of the chain 5
4 The ACC is convenient 4
5 The ACC is easy to use 4
6 The ACC can take in many types of cleaning supplies 3
2.5 Design Metrics
Table 2 below lists target specifications for the ACC based off of the interpreted customer needs
stated in Table 1.





Metric Units Acceptable Ideal
1 1 Total time to clean entire chain min < 6 < 4
2 4, 5 Total weight of the ACC lb 1-2 < 1
3 4 Number of clean cycles per battery charge none > 1 > 5
4 2, 6 ACC cleaning liquid capacity mL 50 100
5 4 Fits on 90% of road bikes with free-wheels Binary Pass Pass




Figure 6: Daniel’s Mockup
Description: The mockup was a way to think about routing the chain (represented by the black
inner tube) and also a way to attach the device to the frame with the purple arms. The clear
window of the spaghetti box gave me the idea of having a window on the device to check on the
chain without removing it from the device.
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Figure 7: Darius’ Mockup
Description: This mockup helped develop some thoughts about the most efficient way of driving the
chain through the chain cleaner while also maximizing its cleaning ability. For example, it made me
think about the best placement of the driving mechanism(s) so that the chain could move without
too much trouble, or the placement of brushes and how many may be needed to maximize cleaning.
Those two ideas became another single idea about how they would have to work together to fully
realize what we want out of this chain cleaner. Another consideration was how the solvent would
best be applied and used during the cleaning process.
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Figure 8: Rudy’s Mockup
Description: Creating this mockup led me to change which morphological chart solutions I picked
for my alternate design further down below. Specifically it made me realize how flimsy latches can
be (granted I was using face mask components..) and how reliable clamps would be in comparison.
Unfortunately I didn’t have any revelations about solvent because the mockup was not so involved.
However one other concrete thing gained from this was learning that the tautness of the chain may
be a constraining factor that we hadn’t fully appreciated earlier. Also the stove top is functioning
as the drive train in this photo. Please imagine the side pieces of tape to be point of entry for the
chain.
3.2 Functional Decomposition
This is the chart that breaks down our products total goal of automatically cleaning a bike chain
into all of the sub-functions of which it is comprised.
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Figure 9: Function tree for for the Automatic Bike Chain Cleaner, hand-drawn and scanned
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3.3 Morphological Chart
This is the chart that shows how each function of our product can and may be accomplished.
Figure 10: Morphological Chart for Automatic Chain Cleaner
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3.4 Alternative Design Concepts
3.4.1 ”Not Hanging But All Containing” (Rudy Lawler)
Figure 11: Final sketches of Rudy’s Alternate for the Automatic Chain Cleaner
Solutions from morph chart:
1. Uses two lateral friction-based wheels
2. Brush + Solvent Pool




Description: A three part pack will hang from the rear horizontal bar of the bike. One part will
have the hanging clamps and the guided entrance for the chain. Another will be a detachable base
that will have the solvent pool and cleaning brushes. The third part is a detachable battery for
powering the drive train. The drive train will either detach with the third part of be permanently
stuck to the first (likely requiring water-proofing regardless).
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3.4.2 Gear-Driven with Multi-bar Support (Darius Rucker)
Figure 12: Preliminary sketches of Darius’s Alternate for the Automatic Chain Cleaner
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Figure 13: Final sketches of Darius’s Alternate for the Automatic Chain Cleaner
Solutions from morph chart:
1. Gears drive through the brush
2. Brush + Solvent Pool
3. Brush removes dirt from chain
4. Detachable Base
5. Multi-Bar Suspension
Description: The main components of this design include two gears at each end of the chain that
drives the chain through the ACC. There are two different brush systems: a brush that collects
solvent from the solvent pool and transfers it to the chain above, and two smaller brushes that
function as cleaning brushes. Any leftover solvent will travel down the decline surface and return to
the solvent pool. There are also three supports that are connected to the bars of the bike to provide
support. These supports can be screwed and unscrewed. The solvent brush and gear system are
powered by a battery at the top of the ACC and can be removed prior to cleaning of the ACC. The
ACC can be detached for service and for chain connection.
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3.4.3 Ground Clamped with Spray Nozzle and Bevel Drive (Daniel Cherenson)
Figure 14: Preliminary and Final Sketches of Daniel’s Design for the ACC
Solutions from morph chart:
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1. Bevel Gear Drive
2. Brushes + Nozzle
3. Multiple Brushes and Brush-hole
4. Detachable Motor and Solvent Pool
5. Ground Clamps, Frame Clamp, and Derailleur Hook
Description: This design incorporates three clamps, including two clamps that support the weight
of the ACC on the ground. These could be suction clamps in order to provide a strong connection
to the ground. A hook attaches to the rear derailleur to provide lateral stability. A nozzle sprays
solvent onto the chain when it enters the cleaning area. The chain then passes through three brushes
- two clean the top and bottom while another is a brush-hole that cleans the sides. The brushes
deposit dirt and solvent into the used solvent pool at the bottom. Finally, an electric motor and




Below is a chart that shows the analytic hierarchy process that we used to determine the weights
of the weighted scoring matrix. We decided that overall, weight and compatibilty of the ACC were
the least important, while stability, cleaning quality, and user experience were the most important.
There was a fairly large contrast in weight percentage between the highest and lowest - ranging
from 3.52% to 26.77%.
Figure 15: Analytic Hierarchy Process (AHP) to determine scoring matrix weights
4.2 Concept Evaluation
The matrix below is a weighted scoring matrix that shows how the designs detailed in the previous
section rank based on the selection criteria and their respective weights.
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Figure 16: Weighted Scoring Matrix (WSM) for choosing between alternative concepts
4.3 Evaluation Results
From the WSM, Design 3, “the Ground Clamped with Spray Nozzle and Bevel Drive” barely
won with a total score of 3.326. This design scored a 1 on weight because it contains a lot of
parts, like the many brushes and bevel gear system. The three clamps and hook are also heavier.
For stability, it scored a 5 because it has many connections to the ground and the bike. Cleaning
quality was a 3 because it seemed to be no better or worse than the other designs, and will do the
job decently well. It is difficult to get a high cleaning score without much more intensive cleaning
treatments. Compatibility was a 3 because of the derailleur hook, which might not fit on certain
derailleur shapes. Contstruction Feasibility scored a 2 because of the complex gear setup and all of
the hooks and clamps, along with the nozzle. Finally, user experience scored a 3 because the extra
clamps makes the experience slightly better, but overall it still requires some setup and cleanup.
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4.4 Engineering Models/Relationships
Figure 17: Sample calculation/equation for motor power
From manual testing of a team bike held on a rack, it seems that an average racing bike needed
4 lbf/18 N of pinching/pulling force applied to the chain to accelerate heftily but only 1.5 lbf/7 N
to stay at a chain rate of 6 full rotations per minute or 10 links cleaned per second. Regardless of
actual magnitude to be found later, we need F newtons applied to overcome static/dynamic friction
of the system + brush resistances. Each lateral-friction-wheel needs to apply half of that force at
a distance of R meters. Taking machine efficiency into consideration, we could find Torque needed
from the motor. The desire RPM of the friction-wheels comes from the link rate, link length, and
wheel radius. (or just chain rate and radius). We can combine torque and rpm requirements to get
the power required by the motor.
Figure 18: Display of calculation variables for the power calculation
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4.4.1 Torsional Angular Deflection
Figure 19: Formula for Torsional Angular Deflection
Figure 19 shows the formula for torsional angular deflection, with the torque applied from the
motor turning the gear. For the design process, we need to be wary of this deflection in the bearings
that connect the motor to the gears and any brushes that move in a similar fashion. A large value
of deflection in the bearings could result in irregular movement in the connected gears and brushes
and lower the quality of the chain cleaner. We will have to think about the power and torque from
the motor as illustrated previously.
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4.4.2 Total Free Body Diagram
Figure 20: ACC Free Body Diagram
Figure 20 above shows the forces acting on the ACC when in operation. This includes reaction
forces on all three supports, the force of gravity, the reaction force from the chain interaction, and
the reaction moment from the motor. This model when combined with the various lengths and
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Figure 21: Assembled projected views with overall dimensions
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Figure 22: Assembled isometric view with bill of materials (BOM)
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Figure 23: Exploded view with callout to BOM
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5.2 Design Rationale
The following equation shows the calculation of the required motor torque based on chain force
and cog radius:
rcog = 0.021 m = 0.827 in
Fchain ≈ 1.5 lbf = 24 oz
τchain = τmotor = Fchain × rcog = 19.8 oz-in
We wanted to pick a motor that could output this torque at around 60-75 RPM, and that would
have a larger torque range to get the chain moving from a stop. The 75:1 gear ratio 6V Pololu DC
gearmotor fit that range very well as shown by the MATLAB plot of torque vs. speed below in
Figure 24:
Figure 24: Pololu 75:1 6V Low Power DC Motor Torque-Speed Plot [1]
The approximate location of 18.5 oz-in of torque is plotted and corresponds to around 65 RPM,
which is right in our range. This means that the chain velocity vchain will be rcog × ωmotor ≈ 5.63
in/s, or around 11 chain links per second which is a reasonable speed for the cleaning process.
In addition, the free-body diagram in Figure 20 was used to design locking mechanisms for the
clamps. Since the chain is driven to the right (towards the front of the bike), it produces a reaction
force to the left on the shell. Thus, the direction of locking for the clamps should be to right,
so when the chain pushes on the shell, the clamps will stay locked in place and provide vertical
stability. Figure 25 below details the directions of the forces.
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Figure 25: Clamp Forces Diagram along Top Shell
Prototype performance goals include an assembly time of less than sixty seconds, a conti-
nouous chain motion for at least one minute, and an average chain speed of 10 link per second over
two minutes.
5.3 Proofs-of-Concept
This section will showcase the first and second versions of several components and their planned/an-
ticipated combinations. Those combinations will serve as our proof-of-concepts, ultimately culmi-
nating in a informal prototype. Although it isn’t shown in motion, basic functionality was achieved
in this Concept Embodiment with the drive chain successfully pulling the chain through the main
chamber with one brush cleaning. This was not done with clamp support however because several
stages of adjustments are needed for the clamps to provide sufficient stabilizing support and even be
appropriately proportioned. All parts were designed from scratch by the team with the exception
of the desk-clamp.
The current intended changes from our designs were the use of clamps to attach sideways to the
chainstay to avoid disrupting the top of the chain and the removal of the viewing window to avoid
solvent spillage.
The motor was moved from above the chamber to be located on the outer side. This simplified
the drivetrain design and removed the need for a bevel gear, so now the motor driveshaft is directly
connected to the driving gear for the chain. This required designing a motor holder on the side
which secures and aligns the motor. A subsequent redesign added a separate motor shell part
(manufactured in blue in the following Figures) that houses the motor but can be removed from the
shell for easier access. This features a locking mechanism on two sides that will resist any opposing
torque that the motor feels from the driveshaft.
Initially, two clamps were designed for the bottom and one for the top. Now, there are two clamps
on top to form a more rigid connection to the bicycle frame. The ground clamp is still there for total
vertical stability. All clamps are adjustable using threaded screws. The dovetail design for a locking
mechanism is shown in Figure 27 and is described in the previous section. These mechanisms are
simple and easy to manufacture.
The derailleur hook was removed as it was not universal enough. There are many types of
derailleurs, and some bikes have other methods of shifting gears or have no gears. Plus, we figured
we had enough stability from the other clamps to justify removing the hook.
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Figure 26: Cleaning Chamber on chain featuring the mismatch in initial clamp size
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Figure 27: Experimental ’Dovetails’ for connecting clamps to main chamber
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Figure 28: Cleaning Chamber featuring the connected battery pack
Figure 29: Cleaning Chamber on chain featuring the drive train and a brush
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Figure 30: Rejected Clamps from the first batch of explored options
6 Design Refinement
6.1 FEM Stress/Deflection Analysis
The locking tabs on the motor shell will be the focus of this FEM analysis. When the motor is
moving the chain, there is an equal and opposite torque on the motor, which is transferred to the
motor shell via the two screws and friction. The motor shell is stabilized by the two locking tabs
that attach it to the lower shell.
The torque load will be applied to the internal face of the motor shell as a counterclockwise 34
N-m torque when facing the bicycle and chain cleaner from the right side. The value of 34 N-m
comes from the stall torque of the Pololu 75:1 electric motor [1]. The locking tabs come into contact
with the lower shell on an edge, not a complete face, so only that edge will be constrained. On one
of the tabs, the edge will be fixed, and on the opposite tab, the edge will be constrained to motion
within a plane that spans the two contact edges of the tabs.
The mesh is fairly standard for the main part of the shell, with a medium-fineness mesh. On and
around the tabs, the mesh becomes finer to better represent the stresses and displacements around
the tabs.
The following figures show the mesh, boundary conditions, applied torque, stress, and displace-
ment plots of the motor shell.
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Figure 31: Mesh, Boundary Conditions, and Load
Figure 32: Resulting Principal Stress σ1
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Figure 33: Resulting Displacement
Since PETG breaks in fragments when it fails, we will consider it a brittle material and use the
Modified Mohr Theory for calculating the factor of safety. From Figure 32, the maximum principal
stress σ1 is 36.1 MPa. The ultimate tensile strength of PETG is around 63 MPa [2], so the factor
of safety is 63/36.1 = 1.745.
Deflection in this part is not critical since its function is to house the motor and support its
weight while locking it into place. In addition, the motor acts as a type of constraint since its metal
body is much stronger than the plastic shell and will prevent the shell from losing its cylindrical
shape. A problem would be deflection in the locking tabs that could cause them to come loose, but
there would need to be at least a few millimeters, and only around a thousandth of a millimeter
displacement is predicted around the tabs. Overall, the applied forces and torques are fairly low in
magnitude, so the only failure would occur if the part were snapped off by the user.
6.2 Design for Safety
Below are a handful of designs decisions made while considering safety through our iterative
design. Some have not had the decisions fully implemented into the final product due to time
constraints but all have been addressed.
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Figure 34: The Risk Heat Map that features all targeted risks
6.2.1 Risk #1: Fingers caught in the box
Description: The first area that the fingers could get caught while operating the chain cleaner
are inside the box
Severity: marginal - there is only a slight worry due to the nature of our parts but a moderate
worry about the possibility of fingers getting caught while accidentally placed by the chain/pedal
interface
Probability: Unlikely - a mild case estimated to occur at a rate of 0.1 percent for each chain
cleaner usage
Mitigating Steps: For this risk, we made sure not to buy a higher-speed (or matching power)
motor than we needed to avoid the fingers getting scratched/compressed in the case of accidental
motor activation/chain touching
6.2.2 Risk #2: Direct injury via chain damage
Description: One way that breaking the chain could be dangerous is getting cut if the cleaner
violently broke the chain while in start up
Severity: Marginal - cuts would be extremely minor
Probability: Unlikely - estimated to be 0.001 percent for each chain cleaner usage. The bike itself
puts the chain through far more stress than our driving gear, the potential casing bumps/rubbing,
let alone the brushes
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Mitigating Steps: The team modified designs to have angled operation (through the clamp/-
support dovetails so that the chain would rub less on our solvent casing)
6.2.3 Risk #3: Fingers cut by the main gear




Mitigating Steps: For this risk, we made sure not to buy a higher-speed (or matching power)
motor than we needed to avoid the fingers getting scratched/compressed in the case of accidental
motor activation or mid-operation chain touching
6.2.4 Risk #4: Indirect injury via chain damage
Description: Another way chain damage could be bad is getting hurt while riding through an
accident tied to the damage incurred in chain cleaning
Severity: Critical
Probability: Unlikely - once again, the bike itself puts the chain through far more stress than
our driving gear, the potential casing bumps/rubbing, let alone the brushes.
Mitigating Steps: We made doubly sure to reduce the friction of chain interactions since an
early version of the cleaner was angled so that the chain was drawn too near the entrances and
scratched the chain
6.2.5 Risk #5: Electrocution
Description: If someone mismanages the wires connected to the motor or spills solvent on the
batteries and gets shocked
Severity: Critical - injury and permanent damage are possible with electrocution, yet this is a
very small battery pack and only a couple volts so we don’t think damage would be life threatening
Probability: Unlikely - there is both several mistakes that must be committed to electrocute
oneself
Mitigating Steps: We made sure to attach the battery pack’s cover and solder down wires
correctly
6.3 Design for Manufacturing
For a draft analysis, we chose the dovetail connector part as it is fairly simple. It is a cylindrical
extrusion with a negatively drafted trapezoid on top. The Solidworks draft analysis showed that
the cylindrical face requires a draft, so we added a 3 degree inward draft. Figure 35 below shows
the before and after views of the part.
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Figure 35: Before and After - Draft Analysis of Dovetail Connector
For the DFM Analysis, the lower shell was chosen since it one of the most complex parts in
the design. First, the Mill/Drill Only manufacturing process was tested, and 6/10 rules passed.
The rules that didn’t pass were inaccessible features, mill sharp internal corners, fillets on outside
edges, and standard hole sizes. The inaccessible features are the internal mounts for the brushes
and the dovetail connector on the bottom. Figure 36 below shows the internal brush mount as an
inaccessible feature.
Figure 36: Mill/Drill Only DFM Analysis
Using the Turn with Mill/Drill manufacturing process, 10/12 of the rules passed, which is a
massive improvement. The inaccessible features issue for the brush mounts is still there, and so is
the mill sharp internal corners rule. The triangular insert holes have sharp corners which is what
caused this rule failure and is shown below in Figure 37.
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Figure 37: Turn with Mill/Drill DFM Analysis
6.4 Design for Usability
Vision: Additionally, we designed around how easy the chain cleaner would be for the user to
setup and operate. We do not believe that vision impairments would influence the usability of the
design. The parts of our prototype have very differing shapes and do not contain colors that would
create color blindness in the user and they do not contain any writing that the user would need to
read, so it would be compatible with people with presbyopia. We initially had the idea of a window
on the shell to easily see inside the device, but then decided to do without.
Hearing: The only aspect of the design that produces sound would be the motor when it is turned
on. Knowing that the motor is working, and also not stalling, is important, so the sound from the
motor is well within the audible frequency range and should not affect people with presbycutia.
Even if the motor becomes difficult to hear, the chain travelling through the device can help with
diagnosing the condition of the motor.
Physical: The main construction of the device would include connecting the top and bottom
shells and connecting the clamps and ground support. These connections are designed to provide
strong stability with minimal movement, but at the same time provides a smooth connection that
can be easily inserted and detached with a minimal amount of strength from the user. The screws
for the clamps and ground support have enough are also designed to move with minimal strength.
This construction is ideally developed for a person with two working hands so, while not impossible,
it would be inconvenient to work with one hand or arm. One idea to limit the inconvenience could
include inserting hinges to the shell so that one hand could be used to shut them together rather
than trying to attach two separate parts together. Another idea would be to try and reduce the
number of clamps while still maintaining stability. Attaching and adjusting all the clamps is where
most of the trouble would occur for a one-handed person.
Control: Since this is a fully automated device, there is not much human control needed while
the device is in use. During installation, it would be necessary to be able to insert the clamps
and ground support into the correct connection. If, for example, the user is under the influence of
drugs/alcohol and is impaired, that person may find it difficult to control aim into the connection
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and/or identify the necessary balance for the device. To mitigate this, the size of the connection
receivers could be enlarged to provide more space for insertion or there could be a level attached to
the device to indicate correct balance.
7 Final Prototype
7.1 Overview
The Automatic Chain Cleaner final prototype achieved the goals of being assembled in less than
a minute and had continuous chain motion for at least a minute. It did not achieve a chain speed
of 10 links per second because the motor gear ratio needed to be increased to provide addition
torque to overcome friction from the brushes. Without brushes, the chain speed goal was achieved,
however. Overall, the many small design choices such as the dovetails and the 15 degree angle of
the main shell contributed to the success of the ACC.
7.2 Documentation




8.1 Project Development and Evolution
Does the final project result align with its initial project description?
– Our final result is comprised of the same parts and functions that were described initially:
our final result cleans the chain to a desired amount by means of a motor-driven gear moving
the chain through brushes. Solvent can be applied to the chain and the device can be cleaned
by the user. There are support structures at the top and bottom of the device, even thought
ultimately we had gone from one top clamp and two bottom clamps in the initial concept
to one to clamp and one bottom clamp in our final prototype. The structure of the shell
had also changed from the original to accommodate for things we did not account for during
generation.
Was the project more or less difficult than expected?
– The project was about as difficult as expected. One part that was easier than expected was
meeting preset specifications and standards of quality. This was likely because the expectation
was doing a project for a company or in competition against groups of the same project type.
One part that turned out to be difficult was scheduling around and dealing with delays due
to iterative design. This was due to 3D printer complications due to COVID as well as the
typical under-appreciation of design specs.
On which part(s) of the design process should your group have spent more time? Which parts
required less time?
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– The problem understanding and concept generation were not as time consuming because we
had a good idea of what we wanted in an automatic chain cleaner, and it didn’t stray too
far from existing non-automatic cleaners. The concept embodiment was where we may have
made better effort to get sizing and specs down so that the design refinement was not as time
consuming as it ultimately became.
Was there a component of the prototype that was significantly easier or harder to make/assemble
than expected?
– The dovetail connections didn’t seem to be that hard to make, but at first they were a bit
difficult to implement because of the way we had the clamps and ground support oriented
as we had to move those around a lot during testing for proper alignment and force balance.
When the chain became hard to drive, that’s when we decided to angle the chain cleaner, and
that along with gluing the dovetails beforehand definitely helped things.
In hindsight, was there another design concept that might have been more successful than the chosen
concept?
– Only partially. Constraints such as available chain stay space for mounting and motor strength
limited our amount of brushes which is our simplest and most direct connection to increasing
cleaning strength. We reached our desired shell size but if there were a design that both let
us go further in terms of brushes and avoiding pedal hits it would capitalize on those issues.
8.2 Design Resources
How did your group decide which codes and standards were most relevant? Did they influence your
design concepts?
– We decided on the most relevant codes/standards based on what would most affect the ability
of the device to clean and drive the chain to its maximum potential and also based on the
ease of use and safety of the user. We knew that support structures would be necessary for
effective chain cleaning and driving, and a motor and gear capable of handling the forces and
torque that comes with it.
Was your group missing any critical information when it generated and evaluated concepts?
– The most critical information the group was missing were the size constraints. The pedal’s
reach unfortunately precluded us from using the two clamps we wanted to connect to the
chain stay.
Were there additional engineering analyses that could have helped guide your design?
– The calculations for power necessities helped us choose a motor that was well inside the
ballpark of driving the chain at a reasonable speed! Along that line, we should have done
calculations about how much resisting forces are needed stabilizing the main shell while op-
erating. Not having done so unfortunately left us in the dark while iterating connections to
the chain stay and ground.
If you were able to redo the course, what would you have done differently the second time around?
– Referring back to the previous questions, we could’ve spent more time initially getting sizing
right, because that became a reason for having to reprint parts and having to steer away
from our original design concept, and it may have saved us more time for later refinement
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and testing. Also, printing the parts became an issue later in the semester when other groups
were simultaneously printing their parts. Only one of our group members had access to the
Makerspace and he would put all the prints in, so sometimes it took days for our prints to
come in, which put us behind. It may have been more convenient if all the members were
able to print their own parts, but honestly it may not have made a difference.
Given more time and money, what upgrades could be made to the working prototype?
– With more time, we could have implemented a rotational base for the ground support so that
it would not be necessary to rotate the screw a whole 360 degrees for proper connection to the
dovetail and would be better for a more proper height adjustment. We also could have made
some type of port on the shell to allow for smooth application of lubricant, whereas right now
the liquid would just be poured through the chain entrance or before the top is inserted.
8.3 Team Organization
Were team members’ skills complementary? Are there additional skills that would have benefited
this project?
– All of the group members more or less had similar skill sets relevant to this project, mainly
having experience with some of the more complex abilities of Solidworks and being able to
implement those into working designs. Each group member basically ended up specializing
in a certain part of the chain cleaner (shell, clamps, ground support), but there was always
input from others on each part. Overall, our individual abilities blended in well for the sake
of the project.
Does this design experience inspire your group to attempt other design projects? If so, what type of
projects?
– As a group, we probably wouldn’t attempt any other projects together, but if we were able to
have more time with this one, we possibly could’ve improved this design and had some more
fun with it instead of being crunched on time and just “settling” for a certain idea or design.
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